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Design and mechanical analysis of downhole tubing cutting tool

YT Xifeng', ZHANG Feng', LIU Yuguo', LI Yukun®, CAO Xiaojian®

1. Sinopec Shengli Oilfield Company, Petroleum Engineering Technology Research Institute, Dongying, Shandong 257088, China
2. College of Pipeline and Civil Engineering, China University of Petroleum( East China) , Qingdao, Shandong 266580, China

Abstract: In the middle and later stages of oil and gas field development, accidents such as sand burial and sand jamming of oil pipes
are prone to occur, which not only affects the production of a single well, but also causes the scrapping of oil and water wells in severe
cases. Effective oil pipe cutting tools are the most efficient way to deal with well jamming accidents. A set of oil pipe cutting tools has
been developed, and the complete mechanical system includes anchoring module, driving module, and feeding module. A finite
element model of anchor anchorage was established to analyze the stress and deformation of anchor and oil pipe under anchorage state.
Structural strength analysis was conducted on cutting tools and oil pipes under different cutting speeds, feed rates, and tool tip radii.
The optimal cutting speed, feed rates, and tool tip radii were selected based on the simulation results. Finally, vibration and modal
analysis were conducted on the shell of the cutting device, and vibration properties such as the natural frequency of the cutting tool
were obtained. Through laboratory cutting experiments, the entire cutting process is smooth and smooth, with good integrity of the
cutting blade and no obvious wear. The cross-section of the experimental oil pipe string is smooth and flat, and the overall effect is
good. This analysis provides a reliable theoretical basis for effectively avoiding the resonance range of tubing cutting tools in practical
operations.

Keywords : workover operation; downhole tubing; cutting tool design; cutting speed ; modal analysis; finite element analysis; mechanical

analysis
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Fig.1 Design flow of downhole tubing internal
cutting device
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Fig.2 Structural diagram of downhole tubing
internal cutting device
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Fig.3 Overall drawing of electric cutting device in oil pipe
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Fig.5 Cloud diagram of stress distribution of anchor claw
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Fig.7 Dynamic variation curve of cutting force
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Fig.9 Variation law of cutting force with tool tip radius
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Fig. 11 Pattern of first 6 modes
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Fig. 12 Comparison before and after tool operation
PIEE W an &l 13 s, w0 i g
FEWTID G PR BAARIOCR R4, 4045 T BUBACR,

i VB A A DD BRSPS

‘ |

(a) EREDIFE — 8 (b) B HELI BT

B 13 BEHYIEEE

Fig. 13 Cutting section of pipe column
4 ZHiL

(1) AREwshY)#E T2 0T L) #E W a KT
58 mm HJHARSREE/NT 500 MPa (41

(2) &I T —E S V) F T H ) Hef 45 A [ 5
e S REHANIR BB A LA X Bl O A8
B E AT T A BRICA T, AR B TR A A
B RIS NIRRT 32,55 MPa, 544
() B RN 1 ¥59378 /N T N8O A4k i) Jie A5 i, N4 &
A IRPEASIE Al A R XA AR B AN S R A

(3) M T UIHIEE  J144% 45 56T Ul H
JIWE R R8T et i U0 = 805 0k

VIHI# FE 0.44 m/s, JI9RFEAR 0.20 mm #2455
0.15 mm, SAHEFT 51 [ A R sl Rk, Bk T B
TERE SR AR rh & AR iR 1 m AR P, X U0
B EINCARIEATRIS 7007, 19 2 25 F 1 7S B [543 45
RAFH T SRS 5 R A SR X8, IE AT T 45
AL S R

(4) NHShYIE T RN SHEE R TS
WA, FT R D) ) SE PR E SR A AR =
B R EENERFAL TInE T Laga KA
BnE Ek SH TR RF(LA)IREAFZ
RBEZETHH,

5% 3k

(1] ME3CH, W%, TR JF T AL ok ) #19i& T. A0 5T
SIRE ], AL, 2023, 51(2) : 93-100.
YE Wenyong, HU Dongfeng, WANG Sifan. Research and
testing of downhole electric drive tubing cutting tool [ J].
China Petroleum Machinery, 2023, 51 (2) . 93-100.
XUGHIGE, GRER, TN, SF. RLATHLAR D B HORTE Ab B AR
FEHMAE R N FT]. R TZ, 2021, 44(6)
136-138.
LIU Xiaofeng, SU Biao, DING Jie, et al. Application of
cable mechanical cutting technology for handling pipe
sticking in highly deviated wells[ J]. Drilling and Production
Technology, 2021, 44(6) . 136—-138.
(3] . A BREEVIFABE[ D], JLat. HiE
AR (dEnt) | 2018:23-30.
ZHAI Chengcheng. The research of cable driven casing

(2

[

cutter [ D ]. Beijing; China University of Petroleum
(Beijing) , 2018:23-30.
MACFARLANE R, SCHWANITZ B, AGUIRRE. Mechanical

pipe cutting in ERD wells with pipe under compression

[4

[

[ C ]//International Petroleum Technology Conference.
IPTC, 2014. 36-40.

ZEEA, 2R, XIEE, F PN mE NI E
KERAILY]. A 545 8 TR, 2022, 43(3):
37-43.

LI Yukun, LI Rugiang, LIU Yuguo, et al. Development and

[5

[

application of downhole tubing internal cutting device[ ] ].
Automation & Information Engineering, 2022, 43(3) . 37—
43.

[6] NIMMO P, KAMP A W, LEIPER F J. Explosive cutting of
stuck drillpipe and hottomhole assemblies [ C ]//European
Petroleum Conference, SPE, 1984, 12, 102-110.

(7] VFIRHE, BB, XIEF, &F. @hi i HO0H T 28R
BEFELI]. AR, 2018,25(5) :79-84.

XU Qinghai, HU Jinyang, LIU Chunyang, et al. Study on
the cutting technology of Bohai Oilfield[ J]. Petrochemical
Industry Technology, 2018,25(5) : 79-84.



23110000173004

28 W2 4

04 fFPG%E. tbd

2023 12 A

[8] ZHANG J, DIAO Y H, ZHAO Y H. Experimental study on
flat plate heat pipe heat recovery equipment with nanofluid
[J]. Building Science, 2012,28(6) ;: 31-35.

(9] PR, FKEESG, WIKHRE, 2. ZACFIF LM A m ALH
BERARBIFE (1], BRI 2, 2018,41(5) : 56-58.
PING Enshun, ZHANG Shuguang, HU Yongxiong, et al.
Research on efficient drilling and grinding technology for
horizontal well continuous tubing[ J]. Drilling & Production
Technology, 2018,41(5) ;: 56-58.

[10] BALAh, M, Rfpfe, 55 JF P E TR

SB[ T]. AhbLR, 2020, 48(12) : 117-122.

ZHAO Chuanwei, ZHANG Hui, WU Zhonghua, et al.

Development of electric control cutting tool for downhole

string[ J]. China Petroleum Machinery, 2020, 48(12):

117-122.

TRORBR. BUA T Pl T 0 3 A A o A 102

[J]. AR 51, 2020,6(6) : 83-85.

XU Taibao. Application of mechanical cutting in workover

[11

—

operation in western gas field of south China sea[J].
Petroleum Tubular Goods & Instruments, 2020, 6(6):
83-85.
[12] B0, Bi5%, MGEHE, 4. mgiNmDI# T 2Bk
PRI SRR T]. AR T8, 2017, 20(4)
62-65.
LUO Shaofeng, JIA Ben, LIN Zhiyong, et al. Application
and exploration of cable mechanical cutting technology in
workover|[ J]. Petro & Chemical Equipment, 2017, 20
(4): 62-65.
WATSON B, SCHULTZ R. Downhole tool for guiding a
cutting tool[ J]. Metallurgist, 2016(1) ; 63-64.
CHEN Q, ZUO T, XU Y, et al. Design and realization of
intelligent wheelchair based on STM32 [ J]. Journal of
Physics: Conference Series, 2020, 1678(1) . 18-20.
(15] FEMG. 2-7/8" 3 4 H A 80 0 SR 45 4 K i S5 1)
[J]. fafediAR, 2021, 28(11) ; 202-203.

GUI Peng. Principle, structure and application example of

[13

[

[ 14

[

2-7/8" tubing single pipe cutter [ J |]. Petrochemical
Industry Technology, 2021, 28(11) ; 202-203.

[16] ETfL, oy 2R F-45. U8 M0y BLBOR /R RE A
P R R[] kI, 2023, 42(9)
988-997.
GONG Jing, SHI Bohui, LI Xiaoping, et al. Application
of oil and gas pipeline network simulation technologies in
construction of intelligent pipeline network and its prospect
[J]. Oil & Gas Storage and Transportation, 2023, 42
(9) : 988-997.
KONG H X, Guo L F, Yin X X. Finite element analysis
of titanium cutting based on ABAQUS [ M ]. Beijing:
Electrical Technology, 2011.:117-125.
EEPE, RI&H, Hrie, 4. JCAMELRIXE 7050 £
Ba Z4EDIEIOF B m e[ )]. TRER, 2018,
52(11): 59-62.
PENG Chenxi, WU Yunxin, YI Shouhua, et al. Effect of
JC constitutive model on two-dimensional cutting simulation
of 7050 aluminum alloy[ J]. Tool Engineering, 2018, 52
(11): 59-62.
W, s, B, 5T ABAQUS 45 Bt 7] iy %
BT AL T]. THRER, 2019, 53(9) : 74-77.
SHEN Yufeng, HE Xingbao, TANG Jun. Modal analysis
and optimization of saw blade milling cutter based on
ABAQUS[J]. Tool Engineering, 2019, 53(9) : 74-77.
[20] BRAR. 2T ABAQUS #B PR sl B 2 48 48 IR AT AR 25 43
HrLI]. K HIE S A Sk, 2018,54(2) :1-3.
CHEN Shuo. Modal analysis of amplitude bar based on
ABAQUS ultrasonic vibration drilling system[ J|. Precise
Manufacturing & Automation, 2018,54(2) :1-3.

(17

[

—
—
e}

[

—
—
O

[

wiE s EE

B EERN T, B 1980 4F A4 Wi, TR IT, 2006
AEERNL T E R (R R) A IT R TR L, B
FKVFHAEH IV T AE, HiE. 13805469697 ; Email :
yixifeng. slyt@ sinopec. com, & {FHudik : IR H R E TR E X
PG =% 306 5 kI FH 4320 B A0 TR AR B 58 B, B0 4w
14 .257088,,



